Abstract: Disparities in prostate cancer diagnosis among racial/ethnic groups and across Florida were mapped for the period 1996-2002 and their relationship with putative factors (individual, census tract and county level) was investigated using multilevel modeling and contingency analysis. More counties had higher rates of late-stage diagnosis for Black men than for White men and the location of these racial disparities changed with time. An important finding was the substantially larger correlation between county-level rates for Black and White men in 2002 relatively to 1996, which suggests a convergence in their spatial patterns. Major significant factors for late-stage diagnosis included lack of insurance, low household income, smoking, not being married and presence of farm house. These findings should help the design of intervention programs to target counties with the greatest racial disparities in health outcomes. Additional analysis is needed to disentangle the observed racial/ethnic and geographic differences.
Previous research has attempted to explain racial differences in prostate cancer incidence and mortality. Tumor grade, late stage of disease at diagnosis, and differences in access to definitive and adjuvant treatment contribute to mortality. [7] [8] [9] [10] Diet and cooking practices, selenium intake, exposure to pesticides and fertilizers, physical activity, use of health care services, genetic susceptibility and both individual-level and area-level socioeconomic status (SES) are linked to racial difference in incidence. [11] [12] [13] [14] [15] A growing body of evidence supports the association of prostate cancer risk to farming due to exposure to toxic chemicals, especially pesticides. 13, 14, [16] [17] [18] [19] Disparities in late-stage diagnosis by geographical location have been associated with poor access to primary health care, lack of health insurance and difference in coverage. [20] [21] [22] [23] Interpretation of cancer incidence and mortality rates in a defined population requires an understanding of multiple factors that vary across time and space. 24 These factors include changes in medical practices related to screening and treatment, and changes in how data are collected and reported. Analyzing temporal trends in prostate cancer incidence and mortality rates can provide a clearer picture of the burden of the disease and generate insight into the effect of various interventions. 25 In addition, since it has long been recognized that the incidence of cancer varies significantly by county and state, the analysis of temporal trends requires a spatial dimension. 26 Visualizing, analyzing, and interpreting racial disparities from a geographic perspective can improve cancer epidemiology, control, and surveillance. 27 Although some studies have applied spatial analyses to the study of health disparities, the spatial and temporal scales used by these studies are inconsistent, and the statistical methods and visualization techniques are inadequate. 12, [28] [29] [30] [31] [32] What is needed is geostatistical software that can handle both individual-level and aggregated data to control adequately for behavioral and environmental factors associated with health outcomes at the various levels.
Given the gaps in the literature, the objectives of this study are 1) to map and examine patterns of late-stage prostate cancer over time across the state of Florida using innovative geostatistical methods; and 2) to evaluate the association of prostate cancer latestage diagnosis to individual and area-level characteristics using multilevel modeling.
Methods
Population studied. Men aged 40 or older who were diagnosed with prostate cancer in the State of Florida during 1996-2002 were included in this study.
Data sources. The study used data from three sources. First, prostate cancer incidence data for years 1996-2002 were obtained from the State of Florida Department of Health, which contracts with Florida Cancer Data System (FCDS) housed at the University of Miami. The FCDS is the largest population-based, cancer incidence registry in the nation. It contains information on patient demographics, residence, prostate tumor characteristics and other information such as tobacco use and primary payer of health insurance. The data were geocoded based on patient residential address by an independent geocoding firm contracted by the Florida Department of Health.
Second, data on socio-demographic and environmental characteristics were extracted at the census tract level from the U.S. Census Bureau (Census 2000, Summary File-3) public use files for the State of Florida. Third, health provider information by county was obtained from the Florida Department of Health Division of Medical Quality Assurance to calculate provider to case ratios. Specifically, the number of primary health providers and urologists was divided by the number of diagnosed prostate cancer cases for each county during 1996-2002. This measure was used to capture provider accessibility.
Data obtained from the three sources were merged into a single dataset. Cancer registry records were excluded from the analyses if they could not be linked to census data or provider information.
The following tasks were undertaken to address the first study objective: mapping and examining patterns of late-stage prostate cancer over time across the state of Florida using innovative geostatistical methods.
County-level mapping. A technique known as binomial kriging 33 was used to filter the noise attached to incidence rates computed from small population sizes (small number problem). This geostatistical method accounts for the size and shape of each county, as well as the pattern of spatial autocorrelation of incidence rates as modeled by a population-weighted semivariogram. Disparity statistics 34 were used to detect significant absolute disparities (rate difference) between two ethnic groups.
Contingency analysis. Three-way contingency tables 35 were used to examine in greater detail the influence of two important contextual variables: census tract-level median household income and county-level provider to cases ratio. Contingency tables are useful because they graphically display potential interactions and non-linear impact of putative covariates on the proportion of late-stage diagnosis. The significance of this impact was tested using a Monte-Carlo simulation procedure that accounts for the pattern of spatial correlation of prostate cancer data while correcting for multiple testing.
All mapping analyses above were conducted using the SpaceStat software developed by BioMedware, Inc.
Multivariate multilevel analysis. A multilevel logistic model was applied to address the second study objective, to evaluate the association of prostate cancer late-stage diagnosis to individual and area-level characteristics. The dependent variable in the logistic regression was stage of diagnosis (late vs. early). Independent variables were measured at three levels: 1) individual patient characteristics (age, race, marital status, tobacco use history, and health insurance), 2) census tract information (median household income, percentage African American, and presence of a farmhouse*), and 3) county-level provider accessibility (ratio of primary health providers and urologists to prostate cancer cases). In the multilevel logistic model, individuals from the same census tract shared the same census tract-level random effect. In addition people in the *"Farmhouse presence" was created based on "number of farmhouses" from census data as an indicator of environmental exposure to farming. " The census collects this info as part of their housing characteristics. We included this in our model because literature show prostate cancer is associated with farming. same county shared another common county random term. Specifically, let Y ijk be the binary diagnosis outcome of the k th individual living in the j th census tract that belongs to the i th county. The probability that this person's diagnosis is late stage, p ijk 5P(Y ijk 51), is modeled using
ijk is the vector of observed covariates at three levels, β is the vector of regression coefficients to be estimated, v i is the county-level random effect, and u ij is the census tract-level random effect. The distributional assumptions are
, and the two random effects are independent.
Odds ratios for independent variables measured at different levels were estimated. Due to their highly skewed distributions, the following covariates were log transformed: median household income, African American percentage, and provider-to-case ratio. The regression analyses for this paper were conducted using SAS/STAT software, Version 9. 
results
Population characteristics. 60,289 men diagnosed with prostate cancer in Florida during 1996-2002 were included in the analyses after merging the three datasets. Seventy-nine percent were non-Hispanic White (NHW), 10% were non-Hispanic Black (NHB) and 11% were Hispanic. The average age at diagnosis was 69 years and 80% of the study subjects were married. The characteristics of the study population are summarized in Table 1 .
County-level mapping. The proportions of prostate cancer cases with late-stage diagnosis averaged over the period 1996-2002 and noise-filtered using binomial kriging are mapped by race/ethnicity in Figure 1 . Because of the small Hispanic population in the North, a few counties have missing values (i.e., no case diagnosed) while other counties display extreme low or high rates even after noise filtering. In particular, none of the high rates in the North (i.e., rates . 0.4) are based on more than five cases. Proportions for NHB and NHW men were moderately correlated (r50.57) with higher values observed in North Florida. For NHW men, higher rates are clearly confined to the Big Bend region (nine counties delineated with thick borders in Figure 1 , which is one of the most rural regions in Florida. On the other hand, late-stage diagnosis was more spread out for NHB and the highest rate of 0.42 was recorded in Dixie County (southeast end of the Big Bend region), yet it was based on only four cases and lacks reliability. Large reliable rates are observed for Escambia County (northwest end of Florida, rate50.31, population5241 cases) and Gadsden County (northwest end of the Big Bend region, rate50.32, population581 cases).
The three-dimensional graphs in Figure 2 allow one to visualize simultaneously how proportions of late-stage diagnosis have changed over time and across Florida counties. The space-time pattern was the clearest for NHW men: an initial decline was followed by a slight rise the last two years, particularly in the Big Bend region. On the other hand, the proportion of late-stage diagnosis for NHB men first increased before declining steadily since 1998. This decline occurred mostly in Central and South Florida, and the higher proportions since 2000 were confined to the Big Bend region like for NHW men. It is noteworthy that the correlation between county-level rates of these two ethnic groups experienced a twofold increase from 1996 (r50.28) to 2002 (r50.67), suggesting a convergence in their spatial patterns. Both spatial and temporal fluctuations were much more erratic for the Hispanic population.
To examine potential disparities across the state, counties where NHB and NHW men had significantly different annual proportions of late-stage diagnosis were mapped ( Figure 3) . Except in 2002, significant differences were always associated with poorer health outcomes for the minority group. The two counties with negative differences in 2002 (Madison and Hendry), each had no more than 10 cases for the two races combined. The frequency and location of significant disparities has changed over time.
In the most recent years, fewer counties had significant differences, and they tended to be confined to South Florida and in the Big Bend region. Contingency analysis. The combined impact of provider accessibility and median household income on late-stage diagnosis for all races is presented in Figure 4 . Late-stage prostate cancer diagnosis rates were computed for 169 (13313) classes of income and density of primary health providers and urologists ( Figure 4 , left graph). The choice of 13 classes represents a balance between too few classes that provide a coarse discretization of the two axes and too many classes that lead to too few cases within each class and unreliable rate estimates. The observed rates were then compared with expected values to test the hypothesis that the two covariates would not impact late-stage diagnosis. Classes with significantly higher proportions of late-stage diagnosis are colored red while classes with lower proportions are in blue. Late-stage cancer diagnosis is significantly lower than expected with higher income or greater provider accessibility. In addition, the impact of lower provider accessibility seems mitigated by higher income, a fact that was not detected during the multilevel analysis.
Multivariate multilevel analysis. Table 2 presents the stepwise multilevel analysis results. In step 1 only the individual-level variables were included. Controlling for the individual-level variables, step 2 added census tract-level covariates, and in step 3 the county-level variable was entered into the model. Variances of county-level and census tract-level random effects were significant under all three models displayed in Table 2 . The addition of variables in each step did not dramatically change the impact of variables already in the model. The multilevel logistic regression indicated individuals, who were non-Hispanic Black, not married, current smokers, and not insured were more likely to be diagnosed with late-stage prostate cancer. Although significant, the odds ratio for age was close to 1, reflecting almost no age effect. Being Hispanic was not significantly associated with diagnosis. At the census tract-level, higher likelihood of late-stage diagnosis was associated with areas characterized by lower median household income and the presence of farm houses. The primary physician and urologist ratio at the county-level was not significantly related to prostate cancer diagnosis. It is useful to note that interactions between race/ethnicity and other independent variables was tested, but not included in the final model since none of them was significant.
Discussion
This study mapped the proportions of late-stage prostate cancer diagnosis by county and year using innovative geo-statistical methods to illustrate their temporal and spatial trends (Objective #1). In addition, the study examined the association between prostate cancer diagnosis and factors at three levels, namely individual patient, census tract and county-levels over a seven-year period in the State of Florida (Objective #2). Main contributions of this study are three-fold. First, the mapping techniques were significantly improved from the traditional methods. Specifically, these innovative methods of binomial kriging, 3-D mapping of racial disparities and contingency analysis maps took into consideration the impact of time and place on the health outcome of interest among ethnic groups. The contingency analysis supplemented the multilevel analysis by examining the interaction between the two variables without assuming linear relationships. In this case, the impact of less provider accessibility seems mitigated by higher income, a fact that was not detected during the multilevel analysis. These new methods Figure 4 . Late-stage prostate cancer incidence rates (all races) computed for 169 classes of income 3 density of primary providers and urologists. In the right graph, blue (red) pixels represent incidence rates that are significantly lower (higher) than the incidence rate expected under the assumption of no impact of covariates on late diagnosis (a=0.05).
allow the reader to visualize, analyze, and interpret geographical and racial disparities in late-stage diagnosis in a context of multiple and complex factors that change across time and space. The findings provide a clearer picture of the burden of prostate cancer and bring important knowledge that will greatly benefit cancer epidemiology, control, and surveillance. Second, the observed geographic and racial/ethnic variation in diagnosis and their temporal patterns are of great clinical importance. An important finding of the present study is the substantially larger correlation between county-level rates for NHB and NHW men found in 2002 relatively to 1996, suggesting a convergence in their spatial patterns which might be caused by urbanization. Finally, to our knowledge, this is the first study in Florida to investigate potential risk factors of late-stage diagnosis using the statewide cancer registry data linked with census and county-level data. These findings add local community perspective, which is important for planning community outreach programs to reduce geographic and racial/ethnic disparities. During the period 1996-2002, counties across Florida exhibited different temporal trends in late-stage prostate cancer incidence and more counties had higher rates of late-stage prostate cancer for NHB men than for NHW men. The location of racial disparities in late-stage diagnosis changed over time and in 2002 racial disparities were the greatest in South Florida and the Big Bend region. These spatial patterns inform and may facilitate the design of intervention programs to target counties with the greatest racial disparities in health outcomes. The value of this approach has also been illustrated elsewhere. 11, 12, 15, 36, 37 Additional analyses (such as boundary and cluster analysis) are needed to disentangle the observed geographic differences to plan targeted interventions.
With the widespread use of PSA and digital rectal examination screening techniques, more prostate cancer has been diagnosed at an early stage for men of all races, a fact apparent in the temporal trend detected by both the statistical analysis and mapping at the county-level. However, NHB were still more likely than NHW and Hispanic men to be diagnosed with late-stage cancer, which is consistent with the literature. 23, 38 In this study, age was statistically significant, indicating younger men were more likely to be diagnosed at late-stage cancer. However the difference is minimal. This result agrees with a previous study of area-level influence on prostate cancer grade and stage at diagnosis. 11, 12 Married men were more likely than single, divorced, or widowed men to be diagnosed with early-stage disease. A plausible explanation for the observed effects of marital status is unavailable; yet our findings suggest a possible role of the spouse in the early detection of prostate cancer. This observation is consistent with studies showing that wives have a pro-screening attitude and want to be involved in decisions about prostate cancer screening. 39, 40 Additional studies are needed to explore the effect of familial support. Possible interventions should involve spouses.
Our study showed that men without insurance coverage have worse diagnoses than those with coverage, consistent with existing studies. 22, 23 This finding may have health policy implications. Moreover, our findings on smoking confirm the detrimental effect of tobacco use on prostate health. 41, 42 Although evidence of direct benefit of smoking cessation is lacking, it appears that it could help reduce late-stage prostate cancer. Targeted public health interventions can be implemented in those counties with high proportion of late-stage prostate cancer, especially among men who are unmarried, have no insurance and have a history of smoking.
At the area (census tract) level, median household income was found to be a protective factor against late-stage diagnosis, which confirms findings of other studies. 10, 12 The presence of a farm house was a risk factor in this study which agrees with the literature on the effect of environmental exposure on health outcomes. [16] [17] [18] [19] The provider-to-case ratio was not significant in the multivariate analyses, although higher ratios were a significant protective factor in the bivariate relationship not presented here. This suggests that the provider effect may have been accounted for by other variables in the model. For instance, physicians generally prefer to locate in populous areas hence lower provider ratios in rural areas. This might explain the presence of a farm house as a risk factor in the model.
The current study has a number of limitations. First, because individual screening data were not available, it is possible that our findings showing higher late-stage proportion of prostate cancer diagnosis for non-Hispanic Black men could be a reflection of lower screening rates in this population. Second, census tract and county-level data on SES were used due to lack of individual-level or block group-level information which would have provided richer information for the analyses. Finally, comorbidity information, which is unavailable in the cancer registry, might be related to stage of diagnosis. An effort to link comorbidity data with cancer registry data is underway in the State of Florida. 
